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EXECUTIVE SUMMARY 
This study aimed to investigate the driving behaviours and transportation needs of 
older adults within the Australian Capital Territory (ACT).  The sample comprised 78 
older drivers (aged 65 years and over) living within the ACT. The prospective study 
assessed driving behaviour using a combination of survey and in-car technology over 
a two-week period. This study aimed to address two research questions: 1) to 
understand the relationship between self-reported driving behaviour and objectively 
measured driving, and 2) to explore the transportation needs and challenges of older 
adults through a greater understanding of their actual driving behaviours. 
  
Analyses revealed that self-reported estimates of driving behaviour were not 
consistently associated with objectively measured driving behaviours. However, 
modest relationships were found between self-reported engagement in driving self-
regulation and objectively measured indicators of self-regulation. Objective 
measurement has the potential to improve understanding of older driver behaviours. 
These older drivers expressed a need for new programs to effectively disseminate 
driving-related information, and reported that the advice provided to them by their 
medical practitioners in particular was highly valued. Information programs 
conducted in, or promoted by, general practitioner’s clinics may be an effective way 
to assist older drivers in making more informed decisions regarding their 
transportation needs.  
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INTRODUCTION 
The older adult population (aged 65 years and over) represents the fastest growing segment of the population 
in many developed countries (Organisation for Economic Co-operation and Development, OECD, 2009). The 
growth of the older adult population in Australia, already evident in the current population structure, is 
expected to continue (OECD, 2009, ABS, 2008). 
The private automobile is the most preferred, and most often used, mode of transportation by older drivers 
(Buys, Snow, van Megen & Miller, 2012; Glasgow, 2000; Kostyniuk & Shope, 2003). A recent study of older 
Australians’ travel patterns reported that private automobile trips comprised 88% of the total number of hours 
spent on all trips (Buys et al., 2012).   
Older adults are retaining their licences until later in life than did those in previous generations (Lyman, 
Ferguson, Braver, & Williams, 2002). It is generally accepted that as part of the process of normal ageing, 
older adults can experience declines in cognitive, motor and sensory abilities that can impact on their driving 
capacity (Horswill et al., 2008). Normal age-related changes aside, the ageing process may also be 
accompanied by an increased prevalence of various health and medical conditions.  A number of these 
conditions can impair driving ability, such as degenerative neurological disorders and ocular diseases. Further, 
the increased physical fragility of older adults may make them more susceptible to serious injuries and death 
as a consequence of a crash.  The combination of these risk factors results in a need for an informed and 
evidence-based approach to managing older driver safety.  
Older adults often describe cessation of driving as a traumatic and stressful life event. Cessation of driving 
(especially a sudden or involuntary decision to stop driving) can have negative implications for the physical 
and mental health of older adults (Edwards et al., 2009). Older drivers have reported a general reluctance to 
give up driving, and are generally not prepared for this eventuality (Kostyniuk & Shope, 2003).  In order to 
maintain some form of functional mobility and independence, and reduce the impact of driving cessation, it 
has been suggested that older drivers may self-regulate their driving. That is, they could attempt to reduce 
their driving risk by limiting the time spent driving in situations which they perceive as potentially risky. 
Examples of these situations include driving at night, in the rain, or on high traffic roads. Following the recent 
changes in Age-Based Assessment (ABT) procedures in a number of states (e.g. Tasmania and Queensland), 
self-regulation is a strategy increasingly promoted by road safety authorities to maintain older driver safety.  
Adopting self-regulation could allow older drivers to adjust their own driving behaviours, based on an 
assessment of their own driving abilities and transportation needs. This interpretation of self-regulation is 
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consistent with that provided by Horswill et al. (2011). Based on the Multifactorial Model for Enabling 
Driving Safety (Anstey et al., 2005), Horswill et al. (2011) theorized that self-regulation provides a potential 
‘escape route’ for older drivers with age-related declines in driving abilities.  That is, drivers could monitor 
their driving abilities and compensate for perceived difficulties accordingly, thereby maintaining functional 
mobility. Consistent with that possibility, Okonkwo et al. (2008) demonstrated that self-regulation of driving 
did not result in reduced social engagement among older drivers. Self-regulation has subsequently been 
proposed as a method to delay premature driving cessation, and provide older drivers with more time and 
resources to better prepare for their retirement from driving (Antin et al., 2012; Gwyther & Holland, 2012).  
While self regulation holds promise for extending the functional mobility and potentially lowering the crash 
risks of older drivers, the use and benefit of self-regulation among older drivers is not well understood. 
Differing levels of self-regulation among older drivers have been reported (8%, Baldock et al., 2006; 25%, 
Charlton et al., 2006; 27.5%, Horswill et al., 2011; 35-45%, Hakamies-Blomqvist & Wahlstrom, 1998; 25%, 
Molnar & Eby, 2008; 60%, Ruechel & Mann, 2005; 80%, Ball et al., 1998). This inconsistency may be due to 
differences in the definition of self-regulation. Studies that define self-regulation as simply a reduction in 
mileage travelled report a higher proportion of engagement in self-regulation amongst older drivers (e.g. 
Dellinger et al., 2001) than do studies that define self-regulation as a reduction in driving only under specific 
situations due to safety-related concerns (Baldock et al., 2006; Molnar & Eby, 2008; Sullivan et al., 2011; 
Tuokko et al., 2007). 
A distinction can be made between a circumstantial reduction in driving due to general lifestyle changes, and 
insightful self-restriction, that is, selecting which specific driving situations to avoid. In the first case, an 
individual may drive somewhat less in general, but drive at significantly greater risk in certain situations. As 
an example, older drivers are more likely to report vehicle-to-vehicle collisions, especially at intersections and 
in circumstances where the driver is attempting to turn across oncoming traffic (e.g. Dulisse, 1997; Hakamies-
Blomqvistet al., 1998, 2004; Kostyniuk, Eby & Miller, 2003). Arguably, with similar mileage and all other 
factors held constant, older drivers who avoid driving through major intersections and during peak traffic 
times may be at lower risk of crash than are those do not. To reflect a focus on enhancing older driver safety 
through reducing driving exposure under high-risk situations, self-regulation will be henceforth defined as a-
priori, situation specific, self-restrictive driving practices.  
Appropriate use of self-regulation is contingent upon older drivers making an accurate assessment of their 
own driving capacities. Previous work by Sullivan et al. (2011) found that, as for drivers in other age groups, 
older drivers are not always accurate judges of their own driving ability. The mismatch between perceived and 
actual driving abilities may lead to older drivers choosing to drive in conditions that are beyond their actual 
capacities. Alternatively, older drivers may be unduly restricting their driving and limiting their mobility.  The 
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current self-regulation literature is predominantly based on self-reported behaviours (such as data from 
questionnaires and focus groups), and there is the potential that objective estimates might provide new 
insights into driving behaviours associated with self-regulation.  
Over the past decade, there have been substantial advances in travel data collection methods, especially 
through the progression of Global Positioning System (GPS) and Geographic Information Systems (GIS) 
technology. GPS and GIS may allow objective and accurate recording of older drivers’ travel behaviours, and 
can allow observation of driving behaviours under normal (or naturalistic) driving conditions.. There is 
potential for these technologies to complement studies that are based on self-reported behaviours, and 
laboratory-based driving simulations.  
Finally, the functional mobility and independence of older adults has to be considered against any potential 
safety risks associated with driving. Sustaining mobility may mitigate potential negative consequences 
associated with reduction or cessation of driving (e.g. Edwards et al., 2009). To date, little attention has been 
directed towards identifying the broader transportation needs of older adults and the challenges faced in 
meeting those needs. Such information could inform the development of future services or interventions better 
suited to older drivers’ mobility needs. Thus, an additional focus of the current study was to investigate these 
aspects of driving. 
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STUDY AIMS 
The research study was developed to address two primary aims.  
The first aim was to examine the relationship between self-reported driving behaviour and objectively 
measured driving behaviours. Specifically, how frequently do older drivers drive in situations that they report 
they prefer to avoid?  
The second aim was to explore the transportation needs and challenges of older adults through understanding 
of their driving intentions, destinations and distances, as well as their attitudes towards future needs.  
METHOD 
PARTICIPANTS  
Seventy-eight Australian drivers (55.1% female) aged 65 years or over (M = 72.4, SD = 5.5, range = 65-87) 
participated in the study. Participants were recruited from the community in response to newspaper, magazine, 
radio and email advertisements, and fliers distributed via a range of organisations. One hundred and fifty 
interested participants provided initial contact details to the research team. Of the 72 participants that 
withdrew from the study, 43 (60%) decided not to take part and provided no further reason besides change of 
mind, 7 (10%) participants withdrew because of concerns that the information required was too sensitive, 8 
(11%) participants could not attend the testing session and could not (or preferred not to) arrange for another 
session due to various reasons (e.g. out of state or country), 5 (7%) participants withdrew due to parking and 
travel concerns (e.g. too far to drive), 5 (7%) participants withdrew because health issues prevented them from 
taking part (e.g. hip replacement surgery), 2 (3%) participants could not take part due to incorrect contact 
information, and a further 2 (3%) participants could not be re-contacted to arrange testing sessions.   Of the 78 
participants that took part, two participants did not complete the driving diary during the two-week driving 
period. These two participants were not included in analyses that required data from the driving diaries. All 
participants were current drivers and held an open drivers’ licence.   
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MATERIALS 
Data for the current study were obtained from three separate sources: 1) a comprehensive driver questionnaire, 
2) a prospective driving diary, and 3) instrumentation of participants’ vehicles with GPS and accelerometry. 
Driver questionnaire 
An older driver behaviour questionnaire was specifically developed for this study. Items were generated to 
address thirteen constructs determined from the literature to be associated with self-regulation of driving. 
Items from existing older driver questionnaires, specifically the Driving Mobility Questionnaire (Baldock et 
al., 2006) and the Driving Habits Questionnaire (DHQ; Owsley et al., 1999), were also considered in the 
development of the questionnaire. The constructs, and questionnaire items corresponding to the constructs, are 
detailed below. Overall, the questionnaire comprised 106 questions, and took approximately 30 minutes to 
complete (see appendix). 
Questionnaires were presented in 16-point font for ease of reading. A fixed-order battery was prepared and 
mailed to interested participants. The battery assessed: (a) levels of self-regulation (i.e. driving avoidance), (b) 
socio-demographic information, (c) health conditions, health literacy and barriers to treatment, (d) driving 
space, (e) dependence on driving partners, (f) driving confidence, (g) self-report health and driving 
performance, (h) cognitive ability (including the Clock Drawing Test), (i) attitudes and beliefs towards driving 
and intention to change driving behaviours, (j) restriction of activities due to driving problems, (k) perception 
and usage of alternative transport, (l) cues to self-regulation, and (m) perceptions of driving programs.  
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Self‐regulation (self‐report): Participants’ driving self-regulation was measured using an extended version of 
the avoidance subscale of the Driver Mobility Questionnaire (DMQ-A), originally developed by Baldock et al. 
(2006). Revisions to the original DMQ-A have recently been suggested by Sullivan et al. (2011) to include 
circumstances perceived as potentially unsafe, and hence avoided, by older Australian drivers. Hence twelve 
new items from the item set generated by Sullivan et al. (2011) were added to the DMQ-A. Participants were 
asked to rate on a 5-point Likert scale, from 1“never” to 5 “always”, the extent to which they avoid driving in 
21 potentially risky driving situations (such as driving at night or driving on freeways). Summary scores for 
participants’ driving avoidance were derived by averaging scores on the 21 situations/items, with higher 
scores indicating greater levels of self-regulation. Alpha reliability statistic revealed this scale possessed high 
internal consistency in this sample (α= .94).   
Socio‐demographic variables: Individual-level socio-demographic variables included age, gender, postcode 
(i.e. residential area), employment, current and future financial confidence, advanced driving training, general 
driving areas and purposes, preferred mode of transportation, driving experience as indicated by length of time 
(years) since the participant had his or her open drivers’ licence, and average distance travelled as indicated by 
the duration (hrs/wk) that the participant estimated that he or she  drove over the last three years.  
Health conditions, health literacy and barriers to treatment  
Participants were asked to state any medical conditions that they currently experienced. Additionally, 
participants were asked whether they thought that the stated condition(s) impacted upon their driving ability, 
whether their physician or general practitioner had discussed with them the potential effects that these 
condition(s) might have on driving, and whether they had adapted their driving behaviours due to the 
condition(s). Participants were also asked to rate on a 5-point Likert scale, from 1 (“not at all concerned”) to 5 
(“extremely concerned”), the extent to which they were concerned that their health conditions might affect 
their driving and quality of life, and whether seeking diagnosis or treatment had an impact on their driver 
licence. Finally, they were asked to rate on a 5-point Likert scale from 1 (“never”) to 5 (“a great deal”), the 
extent to which such concerns prevented them from seeking diagnosis or treatment. 
Driving space  
Driving space items were intended to assess the distances that participants drove away from their homes. 
Participants were asked to rate, from 1 (“never”) to 5 (“always”), how often they drove various distances (e.g. 
within the immediate neighborhood, outside the state) over the previous year. Summary scores of participants’ 
driving space were derived by averaging scores across all five items, with lower scores indicating a smaller 
driving space (Owsley & McGwin, 1999).  
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Dependence on driving partners  
Participants were asked to indicate who they regularly travelled with in a car over the past year, and who the 
driver was. These items were adapted from the ‘dependency on driving partners’ measure developed by 
Owsley et al., (1999). An estimate of “dependency on driving partners”, ranged from 1 to 4, was generated, 
with higher scores indicating greater dependency on driving partners.  
Driving confidence  
Driving confidence was assessed using the same scale as used for driving avoidance (revised DMQ-A), except 
that the participants were instructed to rate on a 5-point Likert scale from 1 (“never”) to 5 (“always”), the 
extent to which they felt confident driving in those situations. Summary scores for participants’ driving 
confidence were derived by averaging scores across the 21 situations. Reliability analysis revealed this scale 
possessed high internal consistency (α = 0.96) in this sample. 
Self‐report health, driving performance  
Participants’ perception of their health and driving performance were also measured. Self-reported health and 
driving performance were assessed by asking respondents to rate their health and driving performance on 5-
point Likert scales, from 1 (“very poor”) to 5 (“excellent”). Participants were also asked to rate, from 1 
(“much slower”) to 5 (“much faster”), how fast they usually drove compared to the general flow of traffic.  
Clock Drawing Test  
The Clock Drawing Test is a screening test that relies on a range of cognitive abilities, including 
comprehension, memory, visuospatial abilities, abstract thinking and executive functioning (Shulman, 2000). 
The CDT has been used in a variety of older driver studies to identify individuals who are more likely to make 
driving errors (Freund et al., 2005, 2008; Mathias and Lucas, 2009). The CDT was included in the package of 
questionnaires mailed to participants. Written instructions were provided at the top of a white A4 sheet of 
paper, printed with the outline of a circle in the middle of it. These instructions asked participants to draw a 
clock face in the circle by placing all of the required numbers, in their correct positions. In this study, 
participants were asked to draw the hands to indicate the time at 10 minutes after eleven.  The CDT scoring 
method ranks the clocks on a scale from 1 (“perfect”) to 6 (“no reasonable representation of a clock”). Scores 
of 3 or above are suggestive of possible cognitive impairment, whereas scores of 1 and 2 are considered 
within normal limits. More discussion of the CDT can be found in Wong et al. (2012; see related publications 
table). 
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Attitudes and beliefs towards driving, and intention to change driving behaviours  
These items were adapted from the Attitudes and Beliefs Questionnaire (Lindstrom-Forneri et al., 2007) based 
on the Theory of Planned Behavior (Ajzen, 1985; 1988). The Attitudes and Beliefs Questionnaire contained 
14 items, providing five subscales: affective attitude, instrumental attitude, subjective norm, perceived 
behavioural control and intention. Participants were asked to rate on a 5-point Likert scale, from 1 (“strongly 
agree”) to 5 (“strongly disagree”), the extent to which they agreed with each driving-related statement. 
Summary scores for participants’ attitudes and beliefs towards driving were derived by averaging scores on 
the subscales. Reliability analysis revealed this scale possessed good internal consistency (α = 0.81) in this 
sample. 
Restriction of activities due to driving problems  
Two items were developed to measure whether driving problems restricted the daily and social activities of 
older drivers. Participants were asked to indicate what they would do if they did not want to drive themselves. 
Participants were also asked to rate on a 5-point Likert scale, from 1 (“not at all”) to 5 (“all the time”), the 
extent to which they had to pass up opportunities (such as shopping or visiting friends) due to driving-related 
concerns.  
Perception and usage of alternative transport  
These items assessed participants’ perceptions and usage of alternative transportation. Participants were asked 
to rate on a 5-point Likert scale, from 1 (“not at all”) to 5 (“all the time”), the extent to which they use 
alternative transport (e.g. public buses, trains); and rated, from 1 (“poor”) to 5 (“excellent”), the quality of the 
alternative transport available in their areas. Participants were also asked to indicate how alternative 
transportation in their areas could be improved (e.g. improved lighting, increased frequency of services).  
Cues to self‐regulation  
Participants were asked to indicate whether anyone has suggested over the past year that they should change 
their driving behaviour, who made this suggestion (e.g. family member, medical professional), and what they 
did in response to their suggestion. They were also asked to indicate whose suggestion regarding change in 
driving behaviour they would most likely listen to, and how they think they would respond if anyone ever 
suggested that they should change their driving behaviour. 
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Perceptions of driving programs  
To measure interest in older driver programs, participants were asked to rate on a scale from 1 “strongly 
disagree” to 5 “strongly agree”, whether they thought there was a need for information sessions targeted 
specifically for older drivers. In addition, respondents were asked to rate on a scale from 1 “very unlikely” to 
5 “very likely”, the likelihood that they would attend such a program. Participants were asked what kind of 
information they would like included in these programs, and their preferred mode delivery.  
Driver diaries  
Drive purpose and performance rating  
Participants’ self-rated driving performance, and the purposes of their driving trips, were recorded after each 
driving trip in a brief driving diary (Smith and Doyle 2009; Livingstone, Armstrong et al. 2010). Participants 
were encouraged to use the driving diary to record the time of all trips (time of day and duration) and the 
reason for undertaking that particular trip. Participants were also asked to rate their driving performance along 
a scale from 1 “very poor to 9 “very well” after each trip. Finally, participants were asked to record any 
driving incidents (i.e. near misses) that occurred during the trip in the driving diary.  
Objective measurements of driving behaviours 
Driving times and locations  
Objective measures of driving times and durations were provided by mapping data extracted from small 
passive Global Positioning Systems (GPS; ProTrackStick and MiniTrackStick, Telespatial Systems). These 
devices can record data for approximately two weeks. The primary parameters extracted from these data were 
trip time (time-of-day), trip duration and trip distance. Other parameters that were extracted included travel 
distance (total radii of travel from home), and the frequency of trips.  
Driving performance  
A proxy measure of driving performance was provided by objective assessment of acceleration and 
deceleration. These data were measured with a small, sensitive, 3-dimensional recording accelerometer 
(GP1L, SENSR Inc.).  Consistent with the approach described by Classen et al. (2007), specific performance 
parameters extracted from these data included lateral accelerations and decelerations (expressed as 
gravitational forces; g) and longitudinal accelerations and decelerations (g). Longitudinal accelerations are 
caused by change of velocity of the vehicle during both acceleration (through pressing the accelerator pedal) 
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and deceleration (through pressing the brake pedal), whereas lateral accelerations are caused by lateral motion 
(through turning the steering wheel) of the vehicle (Klauer et al., 2008). 
Hard braking events were defined by longitudinal deceleration that exceeded 0.45g. This parameter was 
chosen to allow comparison with previous research and represented relatively rare events (Cheng et al., 2011; 
Klauer et al., 2008; Simons-Morton et al., 2011; Nobuyuki et al., 2011). Klauer et al. (2008) demonstrated that 
unsafe drivers engaged in longitudinal accelerations at >0.35g levels more frequently than safe or moderately 
safe drivers. Thus, longitudinal accelerations at 0.35g -0.45g were extracted and categorized as abrupt braking 
situations. In addition, as per Klauer et al. and Nobuyuki et al. (2011), lateral accelerations >0.4g were also 
extracted as potential driving incidents.   
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PROCEDURE 
Potential participants were told that the research was interested in their opinions on the driving experience and 
the transportation needs of older drivers, that the questionnaire would take approximately 30 minutes to 
complete, that the equipment-fitting session would take approximately 30 minutes, and that they have to be 
aged 65 years or over and current drivers to take part.  
Information about the study was provided through an informed consent package. Each package contained the 
Participant Information Sheet, contact information of the research team, the driver questionnaire and a replied 
paid envelope. While participants were encouraged to return their completed questionnaire using the replied-
paid envelope, some participants preferred to bring the completed questionnaires with them to the vehicle-
fitting session and to return it directly to the research assistant.  
Once the questionnaires were completed, participants were encouraged to contact the research team to 
organize a time for the instruments (GPS and accelerometer) to be fitted into their vehicles. This meeting 
allowed the research team to show the participants how to complete the driving diaries, and to answer any 
queries they might have about the study. Participants’ vehicles were fitted individually at the University of 
Canberra. The research team explained the use and nature of the equipment, and instructed the participants to 
drive as they normally would for the next two weeks. At the completion of the two-week testing period, 
participants returned to the University of Canberra to have the instruments removed from their vehicles. 
Participants were compensated $50 (AUD) for their participation.  
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RESULTS 
SAMPLE CHARACTERISTICS 
Characteristics of the sample are presented in Table 1. Using the Accessibility/Remoteness Index of Australia 
(ARIA coding) provided by the Australian Bureau of Statistics (2011), all of the participants resided in either 
major cities or inner regional areas. The sample reported themselves to be relatively healthy, with most 
participants (72%) reporting either no, or only one, diagnosed health medical condition.  
Table 1: Personal characteristics (N =78). 
Personal characteristic M (SD) % 
Age  (M/SD) 72.1 (6.1)  
Gender   
Male 35 44.9% 
Female 43 55.1% 
Employment   
Not employed/ 
no voluntary work 
1 1.3% 
Not employed/ 
voluntary work 
12 15.4% 
Retired 54 69.2% 
Part time 9 11.5% 
Full time 2 2.6% 
Residential location   
Major city 70 89.7% 
Inner Regional 8 10.3% 
Financial confidence (current) 3.8 (.7)  
Financial confidence (future) 3.8 (.9)  
Health rating 3.8 (.8)  
CDT 1.7 (1.0)  
Medical conditions   
None 26 33.3% 
1 30 38.5% 
>2 22 28.2% 
Notes: Chi-Square tests and independent-sample t-test revealed no significant gender differences 
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Participants’ driving-related characteristics are presented in Table 2 below. On average, participants rated the 
quality of their driving as “good”. While most participants preferred to drive themselves, many also reported 
using alternative transport within their local areas. Most participants identified either their Medical 
Practitioner or a Family Member as the preferred person to discuss driving-related changes. Most participants 
agreed that there was a need for information sessions targeted for older drivers, and that they would likely 
attend such sessions. Finally, most participants preferred such sessions to be delivered in groups. 
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Table 2: Participants' driving-related characteristics (N = 78). 
Driving characteristic M (SD) (%) 
Years licensed (M/SD) 52.7(6.5)  
Advanced driver training    
Yes 17 21.8% 
No 61 78.2% 
Hrs/wk driving (M/SD) 11.0 (17.8)  
Driving quality 3.8 (0.7)  
Driving speed 2.9 (0.5)  
Transport preference 
  
Use public transport/taxi 3 3.8% 
Have someone drive you 3 3.8% 
Drive yourself 72 92.3% 
Rate alternative transport 3.2 (1.2)  
Use alternative transport 2.3 (1.1)  
Dependency of driving partners 2.7 (1.0)  
Preferred person to discuss driving 
changes: 
  
Person of authority 4 5.1% 
Medical Practitioner 39 50.0% 
Family member 23 29.5% 
Partner 10 12.8% 
Need of programs 3.8 (.9)  
Likelihood to attend programs 3.8 (1.3)  
Preference of sessions delivery   
Other 5 6.4% 
Mail-out materials 17 21.8% 
In groups 33 42.3% 
Internet modules 20 25.6% 
Notes: Chi-Square tests and independent-sample t-test revealed no significant gender differences
15 
 
 
ATTITUDES AND BELIEFS TOWARDS DRIVING 
Mean scores for participants’ attitudes and beliefs towards driving are presented in Table 3 below. Overall, 
participants reported that they enjoyed the driving task, and that driving was an important part of their daily 
activities. Despite some concerns over the control and maintenance of the vehicle, participants’ generally 
“agreed” to “strongly agreed” that they intend to continue driving in the near future.  
 
Table 3: Mean scores of attitudes and beliefs towards driving. 
Attitudes & Beliefs M (SD) 
Driving a vehicle is pleasurable 4.0 (.8) 
I am experiencing increasing apprehension about driving 2.3 (.9) 
I am becoming more concerned about the unsafe behaviour of other drivers 3.4 (.9) 
Being able to drive is important to me 4.6 (.6) 
Driving is necessary to my life to give me the flexibility I desire 4.4 (.7) 
Driving is central to my independence 4.2 (.9) 
Some people think I should stop driving 1.6 (.7) 
People close to me disapprove of my driving 1.7 (.9) 
My friends drive their vehicles regularly 4.1 (.6) 
The physical demands of driving a vehicle are becoming a challenge 2.2 (1.1) 
The financial cost of driving and maintaining a vehicle is an increasing 
concern of mine 
2.8 (1.1) 
Parking is becoming more difficult for me 2.4 (1.1) 
I plan to continue driving in the foreseeable future 4.4 (.6) 
I intend to keep driving when I want to in the near future 4.4 (.7) 
Participants had to rate from 1 = completely disagree to 5= completely agree to the statements above 
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CONFIDENCE & AVOIDANCE OF POTENTIALLY RISKY DRIVING CONDITIONS 
Table 4 presents the mean scores for driving confidence and avoidance ratings, the percentages of participants 
reporting that they “often” or “always” avoided a particular driving condition, and the correlations between 
confidence and avoidance ratings. Overall, participants reported that they were confident driving in a range of 
potentially risky driving situations, rating themselves as feeling “often” confident under these situations. 
Lowest mean confidence was reported for the circumstances of driving at night in the rain, driving in other 
people’s car and driving in foggy conditions.  
Highest avoidance scores were provided for driving at night in the rain, at night, and in other people’s car; 
however, the avoidance mean score indicated that participants “rarely” avoid driving under these situations. 
The overall low avoidance levels were consistent with the low percentages of participants who reported that 
they “often” or “always” avoided these driving situations.  
Ratings of avoidance generally matched the confidence levels reported for the corresponding driving 
situations. This is evident in the strong negative correlations between confidence and avoidance ratings (Table 
4). The strong negative correlations between confidence and avoidance suggest that drivers who feel confident 
driving in a particular driving situation are likely to report less avoidance of this situation, and vice versa.  
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Table 4: Descriptives and correlations between driving avoidance and confidence of potentially risky driving 
situations. 
 Confidence Avoidance % avoid Correlation 
Driving conditions M (SD) M (SD) % r 
At night in the rain 3.8(1.2) 2.2 (1.2) 11.5% -.64** 
In the rain 4.3 (.9) 1.6 (.8) 0 -.60** 
When alone 4.7 (.6) 1.2 (.6) 0 -.74** 
With passengers (adult) 4.6 (.7) 1.2 (.5) 0 -.68** 
With passengers (children) 4.3 (1.1) 1.3 (.7) 1.3% -.68** 
Parallel parking 4.2 (1.0) 1.6 (1.0) 6.5% -.69** 
Familiar roads 4.7 (.5) 1.1 (.5) 1.3% -.48** 
Unfamiliar roads 4.1 (.8) 1.6 (.8) 1.3% -.43** 
Freeways 4.5 (.7) 1.4 (.7) 1.3% -.43** 
High traffic roads 4.1 (.9) 1.8 (.9) 3.8% -.62** 
Peak hour 4.1 (.9) 2.0 (1.1) 10.3% -.70** 
At the start/end of school times 4.3 (.9) 1.5 (.7) 1.3% -.54** 
At night 4.1 (1.1) 1.9 (1.1) 11.7% -.71** 
Roadworks 4.3 (.9) 1.6 (.9) 1.3% -.39** 
Long distance driving 4.1 (1.1) 1.8 (1.0) 3.9% -.66** 
Lane changes 4.4 (.8) 1.5 (.7) 1.3% -.60** 
Right turns 4.5 (.7) 1.4 (.7) 3.8% -.44** 
Other people's car 3.6 (1.2) 2.1 (1.2) 11.7% -.68** 
In foggy conditions 3.7 (1.1) 1.8 (.9) 3.8% -.65** 
Tunnels 4.3 (1.0) 1.4 (.7) 1.3% -.49** 
Roundabouts 4.6 (.8) 1.2 (.5) 1.3% -.42** 
Average (mean) 4.3 (.7) 1.6 (.6) 0 -.82** 
Note: ** p <.001; Confidence and Avoidance were rated on 5-point Likert scales, with 1 = never, 5 = always. 
Percent that avoid often or always 
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DRIVING DIARIES  
Participants noted the purpose of each driving trip in their driving diaries. On averaged, they reported driving 
22.32 trips (range from 3 trips to 49 trips, SD = 8.48) over the two week measurement period. They spent an 
average of 22.12 hours driving over the two weeks (range 2.75-47 hours, SD = 9.65). The average rating for 
driving performance was driving “very well” (M = 8.31, SD =.90). Table 5 presents the averaged percentage 
of driving trip purposes.  
 
Table 5: Driving trip purposes. 
 % Hrs (M/SD) 
Shopping 31.5% 6.9 (4.6) 
Sports and recreation 27.2% 2.7 (5.0) 
Appointment 10.5% 2.2 (2.0) 
Pick-up (friends and family) 9.5% 2.0 (3.2) 
Visiting friends and family 8.4% 1.8 (2.5) 
Work 8.1% 2.2 (5.9) 
Leisure 6.2% 1.3 (2.2) 
 
Participants were also asked to provide the time of day of their driving trips. The number and time they spent 
driving in peak hours (8-9am; 5-6pm), at night (sunset -sunrise) and during the afternoon times (2-4pm) were 
also noted, and presented in Table 6. Averaged self-rated performance (1 = very poor, 9 = very well) under 
these times was also presented.  
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Table 6: Time of day of driving trips 
 % of total 
driving duration 
% (n) of total 
driving incidents
Hrs (M/SD) 
of driving 
Self-rated 
Performance 
Peak hours 9.8% 9.1% (5) 2.2 (2.3) 6.3 (3.7) 
Afternoon 28.4% 49% (27) 6.2 (3.8) 8.1 (1.4) 
Night 9.7% 12.7% (7) 2.3 (2.8) 5.4 (3.9) 
 
Participants reported a total of 55 incidents (M = .072, SD = 1.11) over the two-week period. As shown in 
Table 6, incidents occurred more often between 2pm and 4pm in the afternoon, the period in which the 
greatest number of trips occurred. On average, participants reported 2.35 incidents for every hour of driving 
during peak hours; 4.35 incidents for every hour of driving late afternoon; and 3.08 incidents for every hours 
of driving during night time.  
OBJECTIVE MEASUREMENTS OF DRIVING BEHAVIOURS 
Objective driving behaviours, including total duration of trips, total travelled distance and total number of 
trips, were recorded using passive Global Positioning Systems (GPS). Data from each trip were screened to 
identify equipment-based error. Of the total sample (N = 78), 17 participants did not have GPS data available, 
and a further 18 participants yielded incomplete data (data losses potentially due to the GPS units losing 
power or memory, or difficulties locating satellites). This resulted in 43 participants with complete GPS data. 
Subsequent analyses were performed on data from these 43 participants with full 14-day driving trips 
recorded.  
The collection of data by GPS waypoints yielded very large volumes of data. As an illustration, at 5 second 
sampling rate, a 30 minute driving trip would yield a minimum of 360 data points. Thus, automated 
procedures were developed to analyse the data and convert it to trip-based information. Adopting a method 
consistent with the trip identification algorithm used by Stopher et al. (2008), trip data were rejected if the trip 
proceeded at > 5km per minute, was of  <1 min duration or was of <.025km travel distance. This algorithm 
was suitable because most traffic signals in Australia have a red-light cycle of less than 1.5 minutes. Thus, 
traffic light stops should not be identified as trip ends using this trip identification algorithm.  
A total of 89 driving trips out of the total of 1043 trips (8%) met the above parameters, and were subsequently 
rejected. On average, participants took 24.26 trips (SD =14.84) over the two-week period (range 4 – 67 trips). 
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Participants, on average, spent 217 minutes (3.61 hours; SD = 183.03) driving over the two-week period, 
travelling an average of 220km (SD = 241.36, range 37.47-1228.62km). 
RELATIONSHIP BETWEEN SELF‐REPORTED AND OBJECTIVELY‐MEASURED DRIVING BEHAVIOURS 
In order to test the associations between self-reported and objective indices of driving behaviours, correlation 
analyses (Pearson’s r) were conducted between travel time data obtained from self-report questionnaire, 
driving diaries and GPS units for each trip (Table 7). 
GPS estimates demonstrated a strong positive correlation with the estimates derived from the driving diaries. 
However, while estimated travel time obtained from retrospective questionnaires demonstrated a moderate 
correlation with prospective diaries, it was not significantly correlated with that obtained from the prospective 
GPS units.  
 
Table 7: Correlations of travel time obtained from questionnaires, diaries and GPS units (Pearson’s r) 
 GPS Diaries Questionnaire 
GPS 1   
Diaries .52** 1  
Questionnaire .23 .37* 1 
**p <.001, *p < .01 
 
Further, participants’ reported number of trips on the driving diaries demonstrated a significant moderate 
correlation with their number of trips obtained from the GPS units (r = .41, p = .007).  
Comparison of self‐regulatory driving behaviours 
In order to assess the relationship between participant’s self-reported adoption of self-regulation and their 
driving behaviour, responses  to two specific driving avoidance items on the driver questionnaire (avoiding 
driving at night, and avoiding driving during peak hours) were compared to the amount of time that 
participants drove under these situations as recorded by the driving diaries and GPS. Table 8 suggests that 
participants seldom drove in the situations that they nominated they would avoid on the Driving Avoidance 
Questionnaire.  
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Table 8: Time of day of driving: self-report versus objective record 
Self-report avoidance 
Times actually drove (GPS) 
No Yes 
Peak hours   
Yes  3 1 
No 11 28 
Nighttime   
Yes 3 1 
No 20 22 
Note: Self-report avoidance groups were based of scores on the corresponding driving situations: “often” and 
“always avoid = Yes; “never” and sometimes” avoid = No 
Bold font indicates participants who drove in the situations that they indicated they would avoid as per GPS 
records. Comparisons lack statistical power to examine significance. 
 
DRIVING PERFORMANCE  
Of the 78 participants in this study, 31 (39.7%) participants’ vehicles did not allow secure attachment of the 
magnetic mount of the recording accelerometers1. Thirty-five participants yielded incomplete data, from 
insecure installation, dislodged or removal of accelerometers, or equipment battery/memory failures. Eighteen 
of these 35 participants provided data for at least 7 days of driving, and were included in subsequent analyses.  
To compensate the missing data, inferential statistics were based on averaged longitudinal and latitudinal 
acceleration events per week. This following section presents the driving performance data collected from 30 
participants within the current study.   
Overall driving performance 
Over the two-week driving period, participants recorded a total of 143 (M = 4.77, range = 2-8) abrupt braking 
events (longitudinal acceleration .35-.45g), 36 (M = 1.27, range = 0-3) hard braking events (longitudinal 
acceleration >.45g), and 60 (M = 2, range = 0-4) fast turning events (lateral acceleration >.4g).  
                                                 
1 While the recording accelerometers could be manually attached to the underside of the vehicle, or electronically wired to the 
dashboard of the vehicle, these options were outside of the approved ethics protocol. Under the approved protocol, the 
accelerometers had to be mounted out of sight of, and would not be in contact with vehicle’s passengers in the event of a crash. The 
only place that fulfills these criteria was within the trunk of the vehicle, preventing installation in many vehicles. 
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Predictors of driving performance 
As can be seen in Table 9, bivariate correlations revealed strong correlations between longitudinal and lateral 
acceleration variables. While self-reported driving performance (self-reported) ratings from the diaries 
significantly correlated with the self-reported driving performance from the retrospective surveys, neither self-
reported driving performance measures correlated significantly with longitudinal and lateral acceleration 
variables.  
Table 9: Bivariate correlations (Pearson’s r) between longitudinal and lateral accelerations 
 
Safe driving performance indicators 1. 2. 3. 4. 5. 
1. Longitudinal .35-.45g 1     
2. Longitudinal >.45g .79*** 1    
3. Lateral >.4g .46* .39* 1   
4. Self –report (survey) driving performance .13 .04 .13 1  
5. Diary reported driving performance -.23 -.26 -.20 .33** 1 
*p< .05, ** p<.01, ***p<.001 
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DISCUSSION 
Understanding the driving behaviours of older adults, especially those behaviours associated with self-
regulation, has been based almost entirely on self-report. The aim of this study was to investigate the 
relationship between older drivers’ self-rated driving behaviors and objectively measured driving behaviours. 
An additional aim of this study was to better understand the transportation needs and challenges of older 
drivers, and their attitudes towards driving.  
The first key finding from this study is that there was a strong positive correlation between GPS measures and 
those reported by older drivers using prospective driving diaries for two specific driving behaviours. There 
was concordance between these two prospective measures for both total travel time and the number of driving 
trips undertaken during the two-week measurement period. In contrast, the relationship between GPS 
measured driving behaviours and retrospective self-report (questionnaire) estimates of travel time was not 
significant. These findings present a problem for the interpretation of much of the existing body of literature 
on older drivers’ behaviours, as this literature is currently based largely upon self-report information without 
objective verification.  The finding of a strong positive correlation between driving information reported from 
driving diaries and those yielded from the GPS units provides some evidence for convergent validity of these 
methods, and supports the use of these prospective methodologies. The use of GPS technology is becoming 
more affordable, and diary methods also lend themselves to technologies such as web or phone based 
prospective assessment. While the discrepancies between estimates provided by these approaches needs to be 
better understood, retrospective reports of driving behaviours should be validated against objectively 
measured behaviours where possible. 
Self-regulation is increasingly promoted by researchers and road safety authorities (e.g. Queensland 
Department of Transport and Main Roads, 2012) as a strategy to maintain older driver safety and mobility. 
However, effective self-regulation requires older drivers to make accurate judgments about the safety of their 
driving behaviours, and to appropriately modify these behaviours whenever needed. The discord between self-
reported driving estimates and objectively measured travel behaviours suggests that self-assessment of driving 
behaviours may not be a strong basis for decisions about self-regulations. This mismatch suggests a potential 
use of objective feedback to improve the effectiveness of self-regulation strategies.  Further research is 
required to investigate whether a similar mismatch can be observed in drivers in other age groups (e.g. 
younger drivers).  
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The study found that self-regulation was not a common practice among older drivers. Drivers that did report 
self regulation most typically avoided driving during the nighttime and peak hours, periods that they regarded 
as of concern. The relatively small proportions of older drivers who reported engagement in self-regulation 
was similar to the proportion identified in a previous study funded by the NRMA-ACT Road Safety Trust 
(Sullivan et al., 2011) that investigated the driving behaviours of older Australian drivers.  
 
Data from the current study shows that the older drivers tended to drive more during afternoons (2-4pm) than 
during peak hours or during the night. Previous research identified a “post lunch dip” phenomenon (a decline 
in alertness during the mid-afternoon) to be especially pronounced among older adults (Carskadon & Dement, 
1992). Although participants reported more driving incidents during the afternoon, this could be an artifact of 
increased driving exposure during this same period. Future research is needed to clarify whether potential 
decreases in alertness during mid-afternoon hours might influence older drivers’ driving performance.  
 
Most of the participants expressed an intention to continue driving in the near future. They identified their 
family members and their Medical Practitioners as the people with whom they’d prefer to discuss issues 
related to their driving. This preference might represent an opportunity to provide older drivers with 
information relevant to their future driving needs.  
 
This study has several limitations. In regards to the study’s sample, while efforts were made to recruit 
participants broadly representative of Australian older adults, the sample comprised a relatively large 
proportion of people who were financially confident, and engaged an active lifestyle. Therefore, the findings 
may not generalize to older adults with different financial and activity levels. Also, the complexity and the 
highly involved nature of this study may have resulted in under-representation of older drivers who were less 
active and confident in their driving abilities.  
 
A final sampling limitation is that the findings are based on a sample of older drivers who reside in the ACT 
region, and the extent to which these results can be generalized to drivers in other states is unknown. For 
instance, compared to another cohort of older drivers from different states in Australia, the current sample of 
older drivers provided more favorable opinions, and reported greater use, of alternative transportation options 
(Wong et al., 2013).  
A significant methodological issue was the loss of accelerometer data. This limitation resulted in a small 
sample for this component of the study (n=30). The restricted sample size led to insufficient power to examine 
the statistical significance of some driving-related variables (e.g. self-reported versus objectively measured 
time-of-day self-regulation), and insufficient power to detect possible small effects (increasing Type 2 errors).  
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A direction for future research is to investigate the motivations and influences that determine older drivers’ 
decisions to self-regulate. Prospective studies that track the process of driving self-regulation and eventual 
driving retirement could assist older drivers navigate this important lifestyle change.  
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CONCLUSION 
This study aimed to examine the relationship between retrospective self-report and prospectively measured 
driving behaviours. Our data suggests that those participants who expressed concern about certain driving 
situations (e.g. night time and peak hour driving) also limited their driving under these situations. However, a 
significant proportion of participants’ self-assessment of driving behaviours, especially in regards to overall 
mileage, is not congruent with objective measures of their behaviour.  
 
Self-regulation is being increasingly promoted as a strategy to maintain older driver safety. The mismatch 
between self-reported and objectively measured driving behaviours raises the potential that older drivers’ 
decisions to self-regulate may not be based on an accurate understanding of their driving behaviours. An 
improved association between self-report and objective behaviours is a vital step towards effective use of self-
regulation.   The generally low levels of driving avoidance also suggest that this strategy may not be 
commonly used among older drivers. The use of self-regulation needs to be promoted for it to be used as an 
effective safety countermeasure for maintaining older driver safety.  Prospective trials are also needed to 
rigorously test the safety benefits of self-regulation strategies.  
 
 The second overall aim was to explore the transportation needs and challenges of older adults through 
looking at their driving purposes, locations and distances, as well as their attitudes towards future intervention 
programs. A significant proportion of all driving trips were for recreational, spiritual, and social purposes. 
More flexible alternative transportation options may be required to satisfy these mobility needs and maintain 
older adults’ quality of lives and activities. Overall, older drivers expressed a need for information programs, 
and identified either their medical practitioner or a family member as the preferred person to with whom to 
discuss driving-related changes. Older drivers may be receptive to information relevant to sustaining their 
mobility through later life (e.g. alternative transportation options, the effects of medical conditions and 
medications on driving ability, and updates on road rules and licensing issues) if this information can be 
provided through family members and medical practitioners. Information provided to family members of 
older drivers may also be useful to facilitate the discussion regarding changes in driving behaviours and 
practices.  
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